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ABSTRACT
Isoflavones constitute one of the most common categories of nonsteroidal estrogen-like substances belonging to the broad group of phytoestrogens. The highest concentrations in the plant kingdom are found in the Fabaceae family. They have become a focus of research because of their estrogenic or anti-estrogenic effect and potential impact on human health. In recent years, several studies have focused on the impact of biotic and abiotic factors and farming management on the isoflavone concentration in plants and their impact on the composition of cow's milk. Nevertheless, knowledge about the effect of the ensiling process on isoflavone concentration remains limited. The objective of this work was to study the evolution of the concentrations of four compounds (daidzein, formononetin, genistein and biochanin A) in red clover (Trifolium pratense L.) ensiled at harvest. The impact of the field-drying process was also assessed. The plant material was ensiled in laboratory-scale silos using vacuum-packed plastic bags and stored over a 6-month period. The quality of the silages was checked throughout the experiment by determining the pH, lactic acid concentration, volatile fatty acids, crude proteins, cellulose and other chemical characteristics. The isoflavone concentration in fresh plant material was 2050, 1766, 306 and 127µg/g DM for formononetin, biochanin A, genistein and daidzein, respectively. After 4 days of drying in the field, no significant change in isoflavone concentration was found, except for daidzein, which increased twofold. The laboratory-scale silos experiment, however, showed a decrease in isoflavone concentration during the first 2 weeks, followed by stabilization over the 5 remaining months. The concentrations fell by 26, 39, 66 and 73% for daidzein, genistein, biochanin A and formononetin, respectively. Animals fed with silage would therefore absorb fewer isoflavones than those fed with fresh plant material or hay.
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1.  Introduction
Isoflavones are secondary plant metabolites and constitute one of the most common categories of phytoestrogens. They are structurally similar to 17β-estradiol, an endogenous steroid (Mostrom and Evans, 2012; Vitale et al., 2013; Ko, 2014). These nonsteroidal compounds have various functions in plants, such as attracting pollinators and seed-dispersing organisms. They also participate in plant defense mechanisms (Mostrom and Evans, 2012). Numerous human health benefits have been attributed to isoflavones (Mostrom and Evans, 2012; Vitale et al., 2013 ; Ko, 2014), but many of them are also considered to be endocrine disruptors, with the potential to cause health problems (Patisaul and Jefferson, 2010; Sirotkin and Harrath, 2014). These polyphenolic compounds are found mainly in Fabaceae (Mostrom and Evans, 2012). Among the forage plants of this family, red clover (Trifolium pratense L.) is known for its high concentrations of formononetin and biochanin A (Sivesind and Seguin, 2005; Tsao et al., 2006; Mostrom and Evans, 2012), but other isoflavones, as well as their glycosides forms (mal-onylglycoside and acetylglycoside), are also present (Sivesind and Seguin, 2005; Saviranta et al., 2010; Mostrom and Evans, 2012; Vitale et al., 2013). When ingested by ruminants, isoflavones are metabolized mainly by rumen micro-organisms and the main excretion route is through feces and urine, with only a small proportion being excreted in milk (Mostrom and Evans, 2012; Kalač, 2013; Njåstad et al., 2014). Formononetin is demethylated into daidzein and then reduced via hydrogenation and ring fission into equol; it can also metabolize into O-methyl equol or O-desmethylangolensin (Mostrom and Evans, 2012; Kalač, 2013; Njåstad et al., 2014). Equol is considered to be an antioxidant and could be used as a novel therapeutic agent against several diseases and cancers (Setchell and Clerici, 2010; Jackson et al., 2011 ; Mostrom and Evans, 2012). The two other microbial metabolites, however, appear to have low estrogenic activity (Setchell and Clerici, 2010; Jackson et al., 2011 ; Mostrom and Evans, 2012). Biochanin A is demethylated mainly into genistein and via ring cleavage into para-ethyl phenol (a compound that has no estrogenic activity) and organic acids (Mostrom and Evans, 2012; Kalač, 2013; Njåstad et al., 2014).
Several studies have been conducted recently on the phytoestrogen concentration in milk and on increasing the metabolites, especially equol (Kalač, 2013; Daems et al., 2016a). Animal feeding experiments have shown that a diet with a high isoflavone concentration (including daidzein and formononetin) greatly increases milk equol content (Kalač, 2013; Daems et al., 2016a). Milk from dairy cows therefore appears to be a potential source of equol in human diets (Kalač, 2011; Tsen et al., 2014). In order to increase the equol concentration in milk, it is necessary to feed cows with forages enriched with equol precursors (Kalač, 2013; Adler et al., 2015). The isoflavone concentration in plants is not constant and is affected by many factors, including abiotic factors, diseases, species, genotype, plant part and plants development stage (Sivesind and Seguin, 2005; Mostrom and Evans, 2012; Kalač, 2013). Post-harvest handling and conservation processes (such as silage) can also affect the isoflavone concentration in forages, but there is very little information on this subject. The effect of the ensiling process on isoflavone concentration is not well understood and there are contradictions in the available scientific literature. Sarelli et al. (2003) reported that the concentration of daidzein, genistein, formononetin and biochanin A in red clover silage was higher than that of raw materials, whereas Sivesind and Seguin (2005) found that formononetin concentration was lower in silage than in fresh red clover. The impact of the silage process on isoflavones therefore needs to be clarified.
Given that forages, specifically grass silage, constitute an important part of ruminant feeding in temperate regions, particularly when animals are kept indoors during winter (Huyghe et al., 2014), the study of isoflavone evolution during the silage process is relevant to the production of equol-enriched milk. Studying isoflavones in life-size silos would be a difficult task. Extended storage areas would be required and this could raise many analytical issues, such as sample homogenization, possible variation in the parameters studied between the different parts of the silage, and variability in grass composition in the grassland (Merry et al., 1995; Tsao et al., 2006; Kalač, 2013). Laboratory-scale silage systems seemed to be a good alternative. It was assumed that laboratory-scale silos would provide a reliable prediction of what was happening in farm-scale silos (Hoedtke and Zeymer, 2011 ; Cazzato et al., 2011). Two categories of laboratory-scale silos are commonly used: fixed-volume vessels (Cussen et al., 1995; Mustafa and Seguin, 2003; Palić et al., 2011) and vacuum-packed plastic bags (Sinnaeve et al, 1994; Johnson et al., 2005 ; Cherney et al., 2006; Hoedtke and Zeymer, 2011). Although the ensiling conditions are similar in the two techniques, the second one is increasingly preferred because it is easier to handle and enables the impact of packaging density to be studied and the fermentation gases to be analyzed (Johnson et al., 2005; Hoedtke and Zeyner, 2011).
The objective of the present work was to study the evolution of four isoflavones (daidzein, formononetin, genistein and biochanin A) in red clover silage over a 6-month period in laboratory-scale silos using a vacuum-packing system. The impact of the field-drying process on isoflavones was also investigated.

2.  Material and methods
The experiment was conducted in autumn 2013 at the Walloon Agricultural Research Centre (CRA-W) in Gembloux, Belgium.
2.1. Experimental forage
The red clover (T. pratense L.) came from a mixed species grassland sown in spring 2010 after winter barley. The grassland was in the third year of production and was cut three or four times a year. The sown mixture consisted of red clover (T. pratense L., 2n, var. Ruttinova), large-leaved white clover (Trifolium repens L., var. Alice) and cocksfoot (Dactylis glomerata, var. Beluga). The sown density was 24 kg per ha (cocksfoot 18 kg, red clover 3 kg, white clover 3 kg).














N: number of samples in the NIR database; SD: standard deviation in the reference database; SEC: standard error of calibration; R2: coefficient of determination of NIR calibration; SECV: standard error of cross validation; CP: crude protein; CEL: cellulose (AFNOR, 1993); DMDcel: cellulase enzyme dry matter digestibility (Aufrère, 1982); NDF: neutral detergent fibre; ADF: acid detergent fibre; ADL: acid detergent fibre (AFNOR, 1997); TSS: total soluble sugar; RPD ratio: SD/SECV (Williams, 2001).

2.2.   Laboratory-scale silos
The fresh red clover was chopped with a grass chopper and homogenized. The chopped forage was put manually into plastic bags-in-boxes (5 L capacity) with a metallized film (ref: 017.879.8, Brouwland, Beverlo, Belgium). The bags had been cut at the top to introduce 200 ±20 g of fresh chopped red clover (23.3 ± 1.03% of dry matter 'DM', n = 3). They were then sealed with a vacuum packaging machine (model: UNICA GAS, Lavezzini, Fiorenzuola, Italy), forming 28 micro-silos. They were stocked in a darkened room where the temperature was recorded (average = 18.9 ± 1.57 °C with 15.5 and 23.3 °C as the minimum and maximum values, respectively) throughout the study (6 months).
2.3.   Sampling and sample processing
There were nine samplings in this study: one on the pre-wilted sample in the field, one on the fresh, chopped and homogenized sample, and seven conducted over the 6-month silage period (i.e., after 2 weeks, and then after 1, 2, 3,4, 5 and 6 months). For each silage sampling, four micro-silos were randomly selected. Their contents were chopped a second time, pooled and homogenized. The homogeneous samples were then put into several opaque plastic bags and stored at -20°C until analysis.
2.4.   Chemical analyses
2.4.1. Micro-silage characterization
Silage quality was evaluated by determining the pH, lactic acid concentration and volatile fatty acid (VFA, including acetic, propionic, iso-butyric, butyric, iso-valeric and valeric acids) profile of the water phase (100 g/L). The first parameter was estimated on the non-filtered solution by simply using a conventional glass pH electrode that had been previously calibrated. Lactic acid and VFA were measured using high performance liquid chromatography with ultraviolet detector (HPLC-UV). Briefly, the solutions were filtered through 22 µm filters and 25 µL was injected into an HPLC-UV (Waters, Zellik, Belgium) equipped with an Aminex HPX-87H column (300 x 7.8 mm, 9 µm particle size) from Biorad (Hercules, USA). The column was maintained at 60 °C. The mobile phase was 0.01 N sulphuric acid from Chemlab (Zedelgem, Belgium). The isocratic elution was operated at a flow rate of 0.6 mL/min. The eluting compounds were detected at 210 nm. An external calibration was done at concentrations ranging from 0.05 to 1 mg/mL (R2 ≥ 0.99) for all the targeted compounds. The results were expressed as mg/g DM.
The DM of the fresh forage, the pre-wilted forage and the ensiled forage was determined at 103 ± 2 °C until a constant weight was achieved (Reynaud et al., 2010). For the determination of the chemical composition, the samples were ground in a Cyclotec mill (1 mm screen) (FOSS Electric, Hillerad, Denmark). They were then placed in a quarter cup for near-infrared spectroscopy (NIRS) analyses (XDS-system spectrometer, FOSS Electric, Hillerad, Denmark) and the absorption data recorded as log 1/R from 1100 to 2498 nm every 2nm (WINISI 1.5, FOSS Tecator Infrasoft International LCC, Hillerad, Denmark). The chemical composition and cellulase enzyme DM digestibility (DMDcel) were then estimated using NIRS calibrations developed at CRA-W (Table 1). The performances of the NIRS calibrations were evaluated using statistical parameters such as R2, standard error of cross validation (SECV) and the ratio of performance to deviation (RPD) (ratio of SECV to the standard deviation (SD) of the reference data, SD). Following the recommendations of Williams (2001) that: R2 should be higher than 0.80 and the RPD ratio higher than 3, the NIRS calibrations were adequate for estimating the chemical composition and in vitro digestibility (DMDcel) of forage samples.
Table 2: Dry matter content (%) and chemical characteristics (g/kg DM) of fresh, pre-wilted and ensiled red clover (NIRS analyses).
Red clover forage	DM	CP	CEL	Ash	NDF	ADF	ADL	TSS	DMDcel
Pre-wilted	30.7 ± 2.3	154.8	242.8	101.1	353.4	268.2	5.09	91.1	0.598
Fresh Silages	23.3 ± 1.0	154.2	240.4	100.7	364.9	260.3	51.6	88.1	0.599
2 wk.	18.1 ± 0.5	160.7	239.1	120.5	343.8	269.8	57.8	0	0.577
1 mo.	20.1 ± 0.5	164.7	226.4	126.1	316.9	261.3	56.4	0	0.597
2 mo.	19.9 ± 1.4	165.6	234.1	126.9	323.4	264.7	56.1	0	0.588
3 mo.	19.7 ± 1.2	163.7	253.0	124.4	345.5	280.1	55.8	0	0.567
4 mo.	17.7 ± 0.3	163.3	236.0	129.3	319.4	268.1	56.0	0	0.588
5 mo.	18.0 ± 0.6	162.0	243.2	127.7	327.5	273.1	56.0	0	0.577
6 mo.	18.1 ± 0.3	161.1	254.0	125.9	342.6	282.6	55.9	0	0.564
DM: dry matter: CP: crude protein: CEL: cellulose (AFNOR, 1993): DMDcel: cellulase enzyme dry matter digestibility (Aufrère, 1982): NDF: neutral detergent fibre: ADF: acid detergent fibre: ADL: acid detergent fibre (AFNOR, 1997): TSS: total soluble sugar.

2.4.2. Isoflavone quantification
The isoflavone concentration was determined following the method optimized and validated by Daems et al. (2016b). Briefly, for each sampling, three chopped samples stored at -20 °C were freeze-dried at 800 mbar and 0°C for 48 h with a lyophilizator Martin Christ Delta 1 -24 LSC plus (Analis, Suarlée, Belgium). About 500 mg of each freeze-dried sample were mixed with 25 mL of H2O:methanol (45:55, v/v) and extracted over l0 min using an ultrasonic bath set at 80 °C. The extract was then centrifuged (5 min at 3200g) and 1 mL of the supernatant was evaporated to dryness. The dry residues were solubi-lized with 1 mL of sodium acetate buffer (pH 6) and 2 mL of enzymatic solution. The solution was a mixture of β-glucosidase (from almonds, ≥6U/mg), β-glucuronidase (type H-2 from Helix pomatia, ≥85,000 units/mL) and cellulase (from Aspergillus niger, ≥0.3 units/mg) from Sigma-Aldrich (Diegem, Belgium). These enzymes were dissolved in 0.2 M sodium acetate buffer at pH = 6 to reach an enzymatic solution with ≥6, ≥12 and ≥5100units/mL of cellulase, β-glucosidase and β-glucuronidase, respectively. The hydrolysis was conducted overnight at room temperature and the mixture was centrifuged a second time. Supernatant was diluted with several H2O:methanol (40:60, v/v) solutions, depending on the suspected isoflavone concentration, and 0.5 mL of each diluted extract was evaporated to dryness. The dry residues were then reconstituted in 1 mL of H2O:methanol (40:60, v/v) with two internal standards (daidzein-d4 and flavone were set at 50 and 20 ng/mL, respectively). The reconstituted solution was filtered (0.2 µm) and 10 µL was injected into an UPLC®-MS/MS (Waters, Zellik, Belgium) with an electrospray ionization operated in positive ionization mode and where the quantification was performed using multiple reaction monitoring. An external calibration was done at concentrations ranging from 5 to 125 ng/mL (R2 ≥ 0.99) for the four targeted isoflavones. The limit of quantification (LOQ) of the method was 1.6 µg/g DM for the targeted compounds. Due to the enzymatic hydrolysis step, the isoflavone concentration determined in this study represented the total concentration of the four targeted compounds, including the conjugated and aglycone forms.
The formononetin, biochanin A, genistein and flavone 'internal standard' were from Sigma-Aldrich (Diegem, Belgium). Daidzein was acquired from Cayman Europe (Tallinn, Estonia). Daidzein-d4 was used as an internal standard and was purchased from C/D/N ISOTOPES (Pointe-Claire, Canada). The external calibration was done with the targeted compounds pooled in the same mix solution prepared in H2O:methanol (40:60, v/v). Methanol (LC-MS reagent) was obtained from J.T. Baker (Devender, Netherlands). The dilution of organic solvents and the preparation of sodium acetate buffer solutions were carried out with deionized water that had been prepared using a Milli-Q® system (Millipore, Overijse, Belgium).
2.5. Statistical analysis





3.1. Red clover forage characteristics
The chemical characteristics of fresh and pre-wilted red clover forages are given in Table 2. The DM content was 23.3 and 30.7% for the fresh and pre-wilted forage, respectively. Apart from DM content, the chemical composition of fresh and pre-wilted forages appeared to be fairly similar. Crude protein (CP) yield was high, with more than 150 g/kg DM, and the cellulose (CEL) was 240 g/kg DM on average. Forage in vitro digestibility (DMDcel) was less than 0.6. Total soluble sugar (TSS) content was lower than 100 g/kg DM.

Table 3 : Fermentation parameters of red clover silage over a 6-month period (mean ± sd).
Red clover forage	pH	Lactic acid (mg/g DM)	Volatile fatty acids (mg/g DM)	
			Acetic acid	Propionic acid	Butyric acid
Fresh	5.5 ± 0.1	0.0 ±0.0	0.8 ± 0.1	0.9 ± 0.1	0.0 ± 0.0
Silages					
2 wk.	4.5 ± 0.0	27.4 ± 1.9	9.7 ± 0.9	1.8 ± 0.2	0.0 ± 0.0
1 mo.	4.3 ± 0.1	33.6 ± 3.5	10.8 ± 1.2	1.9 ± 0.4	0.0 ± 0.0
2 mo.	4.5 ± 0.0	24.5 ± 0.4	8.7 ± 0.6	2.4 ± 0.1	4.5 ± 0.1
3 mo.	4.7 ± 0.0	26.3 ± 3.3	7.9 ± 1.2	2.8 ± 0.7	7.2 ± 0.6
4 mo.	4.6 ± 0.0	37.6 ± 3.6	12.1 ± 1.3	4.6 ± 0.7	9.0 ± 1.2
5 mo.	4.5 ± 0.0	32.5 ± 2.7	11.8 ± 0.8	6.3 ± 0.5	10.3 ± 0.9
6 mo.	4.6 ± 0.0	21.7 ± 0.9	8.5 ± 1.6	4.9 ± 0.7	10.3 ± 0.6

3.2.   Red clover silage chemical and fermentation characteristics (laboratory micro-silos)
The chemical characteristics of the red clover silages are given in Table 2. With the exception of TSS, the differences in chemical composition between fresh and ensiled red clover appeared to be small. Compared with the fresh material and after 6 months of storage as silage, the CP content was slightly higher (154 and 161 g/kg DM for fresh and ensiled forages, respectively) and the fiber content also increased (240 and 254 g/kg DM for fresh and ensiled forages, respectively). The DMDcel tended to decrease (from 0.60 to 0.56) after the 6-month storage period.
The pH, lactic acid content and VFA profiles of the silage during the experimental period are shown in Table 3. The pH value decreased rapidly, reaching 4.5 after 2 weeks and 4.3 after 1 month. After 2 months of storage, the pH value increased and remained stable for the last 4 months. The lactic acid content was low, with a mean value of 29 mg/g DM. Acetic acid was present, but in low quantities (9.94 mg/g DM, on average). There was no butyric acid in the silage in the first 2 months of storage, but it was present (9.2 mg/g DM, on average) from 3 to 6 months, with a tendency to increase. Little propionic acid was detected (3.53 mg/g DM), but, like butyric acid, it tended to increase depending on the length of storage. No iso-butyric, iso-valeric and valeric acids were detected at concentrations higher than the LOQ.
3.3.   Isoflavones
The isoflavone concentrations found in fresh red clover forage, pre-wilted red clover and red clover silage are presented in Table 4. There was no difference among the isoflavones found in pre-wilted (30.7% DM) and fresh (23.3% DM) red clover samples, except for daidzein. The concentrations in fresh forage were 2050 ± 206, 1766 ± 349 and 306 ± 38 µg/g DM for for-mononetin, biochanin A and genistein, respectively. Daidzein was less evident than the other three targeted isoflavones. The daidzein concentration in pre-wilted red clover (260 ± 3 µg/g DM) was twice as high as that in fresh red clover (127 ± 17 µg/g DM). The concentrations of all the targeted isoflavones fell drastically after only 2 weeks of storage in the micro-silos. This decrease was particularly marked for the two main isoflavones in red clover: a loss of 73% and 66% for formononetin and biochanin A, respectively. Formononetin concentration, for example, fell from 2050 to 544 µg/g DM whereas the concentrations of daidzein and genistein diminished by 26% and 39%, respectively. After 2 weeks of storage in micro-silos, however, the isoflavone concentration was stable over the remainder of the storage period, with no significant difference in concentration between 2 weeks and 6 months of storage.

4. Discussion
Red clover (T. pratense L.) was selected for this study because it contains naturally high concentrations of formononetin and biochanin A (Sivesind and Seguin, 2005; Tsao et al., 2006; Mostrom and Evans, 2012), with daidzein and genistein in lower concentrations (Mostrom and Evans, 2012; Butkutė et al., 2014). The four targeted isoflavones were therefore present in a single plant sample, facilitating the preparation of micro-silos because it was not necessary to mix several plant species in order to obtain the four compounds of interest that we wished to follow in our study. Conserving red clover by ensiling is not easy because of the low water soluble carbohydrate content of Fabaceae and the high buffering capacity (King et al., 2012). Our results showed that the TSS content of the fresh forage (88.1 g/kg DM) was similar to that reported by King et al. (2012). The fermentation parameters of red clover silage after a 1-month period of storage, however, indicated a good conservation process. Silage must have a sufficiently low pH in order to enable secondary fermentation to be inhibited and butyric acid to be produced. A pH of 4.20-4.35 is recommended for forages containing between 20 and 25% of DM (Pahlow et al., 2003). The lowest pH value in our study was 4.3, which was sufficient for anaerobically stable silage (Pahlow et al., 2003). From 2 to 6 months storage, the pH value increased and butyric acid was produced. The occurrence of butyric acid was probably due to Clostridium fermentation. As reported by Pahlow et al. (2003), Clostridium fermentation induces a pH increase and the production of butyric acid in silage.
In line with the work reported by King et al. (2012), ensiling led to an increase in the CP, cellulose and acid detergent fiber (ADF) content and a decrease in forage digestibility, with digestibility and cellulose being negatively correlated. The increase in ADF and the decrease in neutral detergent fiber (NDF) reflected the decrease in the hemicellulose fraction (NDF-ADF), which could be used as substrate for lactic fermentation (Pahlow et al., 2003). As a result of these achievements, and despite the use of a matrix difficult to ensile, the vacuum-packed plastic bags seem to be appropriate for studying the ensiling process of forage at the laboratory scale.
The concentrations of isoflavone found in the fresh red clover (T. pratense L, 2n var. Ruttinova) used in this study are in line with previous studies, where the formononetin and biochanin A concentrations were high, the genistein concentration intermediate and the daidzein concentration comparatively low (Sarelli et al., 2003; Sivesind and Seguin, 2005; Tsao et al., 2006 ; Saviranta et al., 2008 ; Zgórka, 2009 ; Butkutė et al., 2014). In our case, the formononetin and biochanin A concentrations represented 90% of the total concentration of the four isoflavones found. According to Tsao et al. (2006), the concentration of formononetin and biochanin A in different parts of 13 red clover cultivars harvested at different growing stages also represented at least 90% of the total amount of the four isoflavones found. Usually, the concentrations of formononetin and biochanin A are higher than 1 mg/g DM and the concentrations of genistein and daidzein range from few dozen to hundreds of µg/g DM. It is, however, difficult to compare the concentrations reported in the different studies because isoflavones present in plants can be affected by many factors (Tsao et al., 2006; Reynaud et al., 2010; Saviranta et al., 2010; Mostrom and Evans, 2012; Kalac, 2013). Nevertheless, the percentage between the concentrations of formononetin-biochanin A and genistein-daidzein have also been reported in silage containing different ratios of red clover (Steinshamn et al., 2008; Mustonen et al., 2009; Höjeretal., 2012; Njåstad et al., 2014).
So far as we know, changes in isoflavone concentration during the ensiling process have not really been studied to date. Only three studies have touched on this subject (Sarelli et al., 2003; Sakakibara et al., 2004; Sivesind and Seguin, 2005), but in each of them, the authors compared the concentration found in fresh plant material and after a fixed period of storage (maximum 4 months). No-one has studied the kinetic evolution of isoflavones over 6 months of ensiling. Our results showed, first, that wilting from 23 to 30% of DM leads to a slight decrease in the two major isoflavones and a slight increase in the genistein and daidzein concentrations. This was probably due to the demethylation of biochanin A and formononetin, which are transformed into genistein and daidzein, respectively (Mostrom and Evans, 2012). Nevertheless, during this wilting period, no significant impact on the isoflavone concentration was statistically proven, except for daidzein, where the concentration doubled. The low amount of demethylated formononetin could have led to a significant increase in daidzein because its concentration was low in the fresh matrix. These findings accord with those reported by Jones (1979), which showed that wilting three varieties of red clover under field conditions led to no significant difference in the formononetin concentration. This observation related, however, to a wilting period of only 8 h. Nevertheless, our results are not in accord with findings reported by Sarelli et al. (2003), Sakakibara et al. (2004) and Sivesind and Seguin (2005), who suggested that the wilting process reduced the isoflavone concentrations in red clover, in some case significantly, in other less so, depending on the outdoor conditions.
Unlike wilting in the field, there was a sharp decrease in the concentration of each isoflavone during the ensiling process. The decrease was less so for daidzein and genistein than for formononetin and biochanin A, which could be linked again to the demethylation of these two last compounds, compensating for some of the loss of daidzein and genistein. In the digestive system of ruminants, daidzein is metabolized into equol and O-desmethylangolensin by bacteria (Mostrom and Evans, 2012; Kalac, 2013). This metabolization pathway could therefore be a plausible explanation for the loss of daidzein. In our micro-silos, however, no trace of equol was detected. Nevertheless, the degradation of these four isoflavones during storage was most probably linked to the microbial activity inside the micro-silos. The evolution in isoflavone concentration and pH during the storage period followed the same trend. At the start of fermentation process, the conditions were probably conductive to some bacteria metabolizing isoflavones in other microbial products. When the pH fell slightly, the bacteria would be inactivated. This assumption requires further investigation.
The present results differ from those reported by Sarelli et al. (2003) and Sakakibara et al. (2004). In the first case, the authors found that isoflavone concentration was greater in ensiled red clover (3-4 months) than in wilted herbage before ensiling; in the second case, the authors found that this concentration remained stable for the 2 first months of the ensiling process. In contrast to these two studies, Sivesind and Seguin (2005) reported that the total isoflavone (formononetin and biochanin A) concentration was higher in fresh plants than in silage (mainly because of the decrease in formononetin). This finding was confirmed in our study. The difference between the studies could be due to differences in the ensiling process, such as differences in microbial population, pH, temperature, silage additives, plant phenological stage and botanical composition. Few of these factors were measured in the earlier studies. Even if the decrease in isoflavones during ensiling seemed to be linked to the wilting process (Kalac, 2013), our results did not confirm this assumption. No neoformation process of isoflavones has been observed (Sakakibara et al., 2004). The decrease in isoflavone concentration during fermentation in our study seemed to be linked to the fermentation process that occurred during the initial days of ensiling. On the basis of our results, feeding ruminants with silage, rather than fresh red clover, could reduce their isoflavone intake. Consequently, the fermentation process could contribute to reducing the estrogenicity of red clover, but the production of microbial metabolites such as equol in milk (potentially beneficial for health) could therefore also be reduced.
This initial exploratory study fills some of the gaps in the information on isoflavone concentrations change during ensiling, highlighted by Kalač (2013). It opens the door to future studies and to improving the understanding of isoflavone transformation in silage. The trends that emerged in our study need to be confirmed using silage and silos that are much closer to reality in the field (i.e., using a mixture of plant species, not only red clover). Other potential metabolites of isoflavones and silage parameters, such as microbial populations, need to be taken into account in order to explain the isoflavone transformations.

5. Conclusion




Table 4 : Effect of pre-wilting and ensiling on the isoflavone concentration (µg/g DM) of red clover forage.
Compound	Field-dried	Silages								Anova P-value
		Fresh	2 wk.	1 mo.	2 mo.	3 mo.	4 mo.	5 mo.	6 mo.	
Formononetin	1906.3 ± 96.1a	2050.8 ± 205.7a	544.3 ± 97.9b	526.3 ± 71.7b	465.5 ± 81.9b	574.7 ±116.3b	583.4 ± 64.6b	602.2 ± 81.4b	576.8 ± 51.7b	<0.0001*
Biochanin A	1600.0 ± 168.3a	1766.4 ± 348.9a	599.9 ±176.7b	600.8 ± 91.8b	508.7 ± 160.1b	628.6 ± 95.1b	687.0 ± 128.8b	617.7 ± 60.8b	668.2 ± 27.7b	<0.0001*
Genistein	340.7 ± 24.0a	306.4 ± 38.2a	185.5 ± 30.5b	217.3 ± 18.5b	191.5 ± 22.3b	217.4 ± 34.2b	217.9 ± 13.9b	196.2 ± 3.9b	200.5 ± 15.0b	<0.0001*
Daidzein	260.2 ± 3.3a	127.0 ± 17.1b	94.2 ± 4.6C	100.6 ± 11.3C	92.1 ± 6.3C	91.1 ± 2.9C	100.3 ± 9.9C	90.4 ± 11.9C	101.0 ± 1.4C	<0.0001*
Total	4107.2 ± 274.0a	4250.7 ± 578.5a	1423.9 ± 251.2b	1445.1 ± 47.0b	1257.9 ± 265.4b	1511.8 ± 89.1b	1588.6 ± 204.1b	1506.5 ± 152.0b	1546.5 ± 66.6b	<0.0001*
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